It is common for comparisons to be made of output growth and inflation across groups of countries, yet such comparisons can result in inconsistencies. We address two problems: (i) how to measure aggregate real output and inflation for groups of countries and (ii) how to construct measures of real GDP for a group of countries where the country measures of real GDP are consistent across time and space. A method is proposed for harmonizing conflicting estimates of OECD member-country real GDP, ensuring consistency over space and overall group consistency over time. A new measure of OECD inflation is also proposed. JEL Classification Numbers: C43, C82, E01.
"Econometricians have an ambivalent attitude towards economic data. At one level, the "data" are the world that we want to explain, the basic facts that economists purport to elucidate. At the other level, they are the source of all our troubles."
Zvi Griliches (1985; 196) 
Introduction
Providing consistent estimates of real GDP across countries and time is important for many policy-relevant purposes, such as assessing convergence of living standards; see Eurostat (2012) and the World Bank (2013). The OECD publishes estimates of Purchasing Power Parities (PPPs) on an annual basis and these PPPs can be used to generate estimates of real GDP for member countries that are comparable across countries for the given year. However, the resulting estimates of relative real GDP are inconsistent with national estimates of real GDP growth for the member countries. We use OECD data for the years 2000-2012 in order to study two problems. First, how can estimates be constructed of OECD aggregate real GDP and associated measures of aggregate OECD inflation? Index number theory is used to decompose national nominal GDP into price and quantity (or volume) components, but constructing estimates of inflation and real GDP growth for a group of countries that use different currencies is a more complicated operation. 1 Second, how can PPP information be used in conjunction with country data on real GDP growth to construct estimates of OECD member country real GDP that are in principle comparable across space and time? Using our proposed solution as a benchmark, we show that if PPP data are available only infrequently, as is the case for the World Bank provided PPP data used in the Penn World Tables, then estimates can differ considerably as new PPP information becomes available. This is rather inconvenient: studies of competitiveness and living standards convergence across countries will want to use real GDP series that are not subject to violent revision.
In section 2, we study the first measurement problem using just national data and exchange rate information. Sections 3-6 use the OECD PPP data and study the second measurement problem (and revisit the first problem). In section 3, we propose a harmonized method for constructing estimates of member country GDP volumes that are comparable across time and space. In sections 4 and 5, we compare our harmonized estimates with estimates of member country real GDP that are generated by using PPP 1 "At the national level, current price (value) data can typically be decomposed into a volume (or quantity) series and price series. At the international level, a second 'price' component enters the picture in the form of a conversion rate from the domestic to a common currency. The implication is that values can be expressed at current market exchange rates (or current international prices, if purchasing power parities -PPPs -are used); and at constant exchange rates (or constant international prices)." OECD (2001; 6) . data for only one year. These base year estimates are then projected to all other years using national growth rates of GDP. Section 4 uses the PPPs for 2000 and section 5 uses the PPPs for 2012. We find that the resulting two panel sets of real GDP estimates are very different from each other and they also are very different from our harmonized estimates developed in section 3. Section 6 considers the context where PPPs are only available infrequently, as is the case with World Bank provided PPPs. 2 We use PPP information for 2000 and 2012 to provide interpolated estimates of country volumes, finding that the current interpolation method implemented in the widely used Penn World Tables did not work well with our OECD data base. In contrast, we find that our proposed method produces estimates that are much closer to our preferred harmonized estimates of section 3. Section 7 concludes.
OECD Growth and Inflation Using Market Exchange Rates
Our first measure of aggregate GDP growth over the member countries in the OECD during the years 2000-2012 uses national growth rates of GDP and domestic prices converted into US dollars at market exchange rates. The aggregation principle used to form OECD aggregate GDP volumes and prices in this section is the same that is used to aggregate prices and quantities across different regions in a country: each commodity in each region is regarded as a separate commodity in the index number formula. In what follows, we use the OECD ordering of countries, which is as in Table 1 . The country values for nominal GDP in the national currencies for the years 2000-2012 can be obtained from the OECD electronic data base, OECD.Stat. 3 We convert these 2 For example, the World Bank provided PPPs for 155 countries for the year 2005 and has just provided a new set of PPPs for 2011. How can these two benchmark sets of PPPs be used in conjunction with national data in order to provide estimates of country real GDP that are comparable across all years from 2005 to 2012? The interpolation method explained in section 6 could be used in this context. 3 OECD.Stat Table B1 -GE: Gross domestic product (expenditure approach); National currency, current prices, millions, annual data.
] for t = 0,1. The value of transactions in the N commodities during period t is defined as v t ≡ ∑ n=1 N p n t q n t ≡ p t ⋅q t . 8 The problem of choosing functional forms for the price and quantity indexes is usually phrased as follows: find two suitable functions of 4N variables, a price index function P(p 0 ,p 1 ,q 0 ,q 1 ) and a quantity index function Q(p 0 ,p 1 ,q 0 ,q 1 ), such that the product 4 OECD.Stat TableB1-GE: Gross domestic product (GDP); National currency, constant prices, national base year, millions, annual data. 5 OECD.Stat Table B1 -GE: Gross domestic product (expenditure approach); US dollars, current prices, current exchange rates, millions, annual data. 6 Note that v n t = p n t q n t for n = 1,...,34 and t = 2000,...,2012. For each n, the US dollar volumes q n t are proportional to the national volumes Q n t ; i.e., we have q n t = λ n Q n t for t = 2000,...,2012 for each country n where λ n is the factor of proportionality for country n. 7 For materials on the historical development of index number theory, see Diewert (1993) and Balk (2008) . 8 The inner product of two vectors x ≡ [x 1 ,...,x N ] and y ≡ [y 1 ,...,y N ] of the same dimension N is defined as x⋅y ≡ ∑ n=1 N x n y n .
of these two functions is equal to the value ratio, v 1 /v 0 . Thus the functions P and Q are to satisfy the following equation:
( It can be seen that if the functional form for either the price or quantity index is determined then the functional form of the corresponding quantity or price index is also determined using equation (1).
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Two natural choices for the functional form for the price index are the well-known Laspeyres and Paasche price indexes, P L and P P , defined as follows:
Using (1), it can be seen that quantity indexes that match up with P L and P P are Q P and Q L defined as follows:
The Paasche and Laspeyres price and quantity indexes are equally plausible. The problem is that they can generate quite different estimates of growth and inflation. A natural solution to this problem is to take a symmetric average of these two equally plausible estimates; taking the geometric mean of these two price indexes (and of the two corresponding quantity indexes) leads to indexes that have very good axiomatic properties. 11 This leads to the Fisher (1922) 10 It can be seen that the Laspeyres price index uses the "basket" of period 0 quantities, q 0 , and prices out this basket at the prices of period 0 (in the denominator) and prices out the same basket at the prices of period 1 (in the numerator) and takes the ratio of these costs as the price index. The Paasche index is similar but uses the "basket" of period 1 quantities, q 1 , as the common quantity vector in the numerator and denominator. 11 See Fisher (1922) and Diewert (1992 Diewert ( ) (1997 . 12 It can be verified that P F Q F = v 1 /v 0 ; i.e., the Fisher price and quantity indexes satisfy equation (1).
There is one more choice that needs some discussion: namely, should fixed base or chained Fisher indexes be used when aggregating over many periods? The chain system measures the change in prices going from one period to a subsequent period using a bilateral index number formula involving the prices and quantities pertaining to the two adjacent periods. 13 These one period rates of change (the links in the chain) are then cumulated to yield the relative levels of prices over the entire period under consideration. If the bilateral price index is P, the chain system generates the following sequence of price levels for the first three periods:
The fixed base system of price levels using the same bilateral index number formula P simply computes the level of prices in period t relative to the base period 0 as P(p 0 ,p t ,q 0 ,q t ). The fixed base sequence of price levels for periods 0, 1 and 2 is:
There are two major problems associated with the use of fixed base indexes in the context of annual time series data: (i) over longer periods of time, it becomes more difficult to match up products in the current period with the corresponding products in a distant base period, leading to less accurate index numbers; and (ii) fixed base indexes are subject to revisions (that can be substantial) when the base period is finally changed. When using fixed base Paasche or Laspeyres indexes, the revision problem can become massive.
14 Thus a major advantage of the chain system in the context of aggregating annual data is that chaining will reduce the spread between the Paasche and Laspeyres indexes. 15 These two indexes each provide an asymmetric perspective on the amount of price change that has occurred between the two periods under consideration and it could be expected that a single point estimate of the aggregate price change should lie between these two estimates. Chaining will usually lead to a smaller difference between the two and hence to estimates that are closer to the "truth".
16 13 The chain principle was introduced independently into the economics literature by Lehr (1885; 45-46) and Marshall (1887; 373) . Both authors observed that the chain system would mitigate the difficulties due to the introduction of new commodities into the economy, a point also mentioned by T.P. Hill (1993; 388) . Fisher (1911; 203) introduced the term "chain system". 14 The US Bureau of Economic Analysis used to provide long term estimates of US GDP back to 1926 using fixed base Laspeyres volume indexes. When the base year was changed, the resulting Laspeyres estimates of real GDP growth changed massively and this fact led the BEA to switch to chained Fisher indexes in the early 1990s. 15 See Diewert (1978; 895) and T.P. Hill (1988 Hill ( ) (1993 387-388) . 16 There is a more elaborate justification for chaining annual data that is based on aggregating over observations that have the most "similar" price structures; see R.J. Hill (2001) , (2004) Hill (1993; 388) , drawing on the earlier research of Szulc (1983) and T.P. Hill (1988; 136-137) , noted that it is not appropriate to use the chain system when prices oscillate or "bounce" to use Szulc's (1983; 548) term. This bouncing phenomenon can occur when aggregating subannual data when there are seasonal fluctuations or periodic sales (deeply discounted prices). However, in the context of more or less smoothly trending prices and quantities as is the usual case using annual data, T.P. Hill (1993; 389) recommended the use of chained symmetrically weighted indexes such as the Fisher ideal index. Thus in this paper, we will use chained Fisher indexes when aggregating over countries.
The sample average of the year to year growth rates for OECD real GDP using US dollar weights, the γ t , was 1.58% per year. It can be seen that there was only one year where OECD real growth was negative: 2009 (−3.64%). The sample average of the OECD inflation rates ρ t (measured in US dollars at market exchange rates) was 3.24% per year.
However, what is striking is the variability in these US dollar inflation rates. The principles used to construct our OECD aggregate measures of real GDP, Q t , are the same principles used to construct country wide estimates of real GDP within a country. Estimates of real GDP aggregate output growth over regions within the country use regional price levels as weights for the regional volumes. In constructing national estimates of real output, the national statistician does not assume that the quantities or volumes in each region are comparable across regions; all that is assumed is that whatever is being measured at the regional level is comparable over time. This is the same principle that is being used to construct the above OECD real output measures Q t ;
there is no assumption that the country units of measurement are comparable across countries.
The one difference in our suggested method for constructing OECD real GDP as opposed to methods used to construct national estimates of real GDP is that we needed to convert national values of GDP into a common currency using annual average market exchange rates. We chose to make this conversion using US dollars as the numeraire currency. If we chose another currency to be the numeraire currency, the unit of measurement would change, but the overall OECD growth rates for real GDP would remain the same; i.e., the γ t listed in Table 2 do not change if we converted all country nominal GDP estimates into a different common currency at annual average market exchange rates and then applied the same methodology to construct the overall OECD volume estimates. 17 On the other hand, switching to a different numeraire currency dramatically affects the inflation rates ρ t ; the OECD aggregate price level estimates P t and the resulting inflation rates ρ t defined by (11) change with each choice of a numeraire currency. In order to illustrate the dependence of the above OECD GDP inflation rates on the choice of the numeraire country, we computed the aggregate OECD price and volume levels, P EU t and Q EU t , using Germany as the numeraire country. Thus instead of using the US dollar estimates for nominal GDP for country n in year t defined earlier by v n t , for Our conclusion at this point is that our first approach to measuring OECD real output and inflation using national GDP data and market exchange rates between countries is (perhaps) satisfactory for measuring real output but that it is not satisfactory for measuring inflation. A satisfactory inflation measure will be introduced in the following section when we introduce our second approach to measuring aggregate OECD inflation.
The analysis presented in this section made no assumption that the goods and services produced in any country were comparable to the goods and services produced in any other country. In the following section, it will be assumed that the goods and services produced in each country are comparable across countries and different measures of OECD growth and inflation will be derived.
OECD Growth and Inflation Measurement Using Annual PPP Information
The OECD (in close cooperation with Eurostat) produces an annual series of Purchasing Power Parities (PPPs) that enable the comparison of real GDP of member countries with each other. 19 For each OECD country n and each year t, PPP n t is an estimate of the number of units of the national currency of country n that is required to purchase one dollar of US GDP in year t. 20 We divide the country n nominal value of GDP in year t in domestic currency, V n18 US prices in terms of Euros declined markedly from 2000 to 2008 and this explains the large number of negative ρ EU t over this period; the number of Euros it took to buy one US dollar in 2000, 2008 and 2012 was 1.085, 0.683 and 0.778, respectively. 19 The construction of these PPPs is explained in the Eurostat and OECD PPP Manual; see Eurostat (2012 Once the r n t have been calculated, they can be summed so that r t ≡ ∑ n=1 34 r n t and then the year t country n share of OECD real output can be defined as follows: 22 (13) s n t ≡ r n t /r t ; n = 1,...,34; t = 2000,...,2012.
These country shares of OECD real GDP are listed in Table 3 , which enables the comparison of GDP volumes across all OECD countries within each year. 23 Note that country 34, the US, has the largest share (around 35-37%), followed by country 18, Japan, (10-11%) and country 11, Germany (7%). We can use this information to construct estimates of overall real GDP growth and inflation across OECD countries. A natural method is to use the country shares in Table 3 as weights for national rates of growth of real GDP. The year t growth factor for country n can be defined as Q n t /Q n t−1 where Q n t is country n's GDP volume in year t, and the OECD Laspeyres type growth factor (or chain link) for year t, Γ L t , as the following weighted average of the national growth factors:
The measure of OECD GDP volume growth defined by (14) is the method used by the OECD to calculate their official measure of OECD volume growth. It certainly is a sensible measure, using country (one plus) growth rates going from year t−1 to year t, Q n t /Q n t−1 , weighted by the country real volume shares s n t−1 for year t−1, which were derived using PPPs. However, the above formula suffers from the same problem that the standard Laspeyres formula has: namely, it does not treat the periods in a symmetric fashion. The counterpart to the Laspeyres-type formula defined by (14) is the following Paasche-type formula: 2001,...,2012. 22 Note that the country shares s n t can be constructed without using country exchange rates (in principle). Using definitions (12) and (13), it can be seen that the s n t can be written in the following form:
] for all n and t. Compare these "real" shares s n t with the corresponding country US dollar shares
] defined in the Appendix. All of the measures derived in this section are independent of country exchange rates. 23 Row n+1 in the Table gives the shares for country n where we use the standard ordering of OECD countries listed in the previous section. Since the PPPs used by the OECD are invariant to the choice of the numeraire country (up to a scalar factor), it can be verified that the country shares listed in Table 3 are also invariant to the choice of numeraire country. 24 Suppose that there is only one homogeneous commodity in each country's GDP. Then the volume for country n in year t, Q n 
These chain link indexes can be multiplied together to generate the corresponding OECD aggregate price levels. The resulting Fisher OECD price level index for year t is denoted by P PPP t and it is listed in the last column of Table 2 . 30 The inflation growth factors can Laspeyres, Paasche and Fisher growth rates. Exchange rate fluctuations are large enough to materially affect the weights, which in turn lead to material fluctuations in the overall OECD volume growth rates. 28 It will generally be the case that the s n t will be greater than the corresponding S n t for countries n that are relatively poor and thus the index of OECD aggregate real GDP growth defined in section 2 will tend to be a more plutocratic index (since rich countries get larger share weights in this index) compared to the more democratic index of OECD aggregate real GDP growth defined in section 3. Thus one could choose between the two indexes based on one's preferences over weights. We owe this point to Marshall Reinsdorf. 29 The official OECD measure of household inflation over member countries is the Laspeyres measure defined in (18) where household consumption replaces GDP; see the OECD (2014).
These PPP based inflation rates (in percentage points) are listed in the last 3 columns of Table 4 . The sample averages of the ρ L t , ρ P t and ρ F t are 2.17, 2.10 and 2.14 percentage points. Viewing Table 4 , it can be seen that there are some significant differences between the three measures of OECD inflation that are PPP based. 31 Comparing the numbers in tables 2 and 4, it can be seen that the PPP based estimates of OECD inflation are much more reasonable than the estimates that were based on country exchange rates that were listed in Table 2 , the ρ t and ρ EU t . Our conclusion is that the OECD Fisher price index P PPP t is a much better measure of OECD inflation than the indexes that used exchange rates instead of PPPs. Now we come to the most difficult problem: how can we use PPP information and national growth rates to obtain estimates of member country GDP volumes that are comparable across time and space? The Eurostat (2012) Manual offers the following advice:
"To trace the evolution of relative GDP volume levels between countries over time, it is necessary to select one of the reference years as a base year and to extrapolate its relative GDP volume levels over the other years. Extrapolation is done by applying the relative rates of GDP volume growth observed in the different countries. This provides a time series of volume indices at a constant uniform price level that replicates exactly the relative movements of GDP volume growth of each country." Eurostat (2012; 18). We implement this strategy in sections 4 and 5 below, where we choose the relative country GDP volumes given by the country shares of OECD aggregate GDP for 2000 (section 4) and for 2012 (section 5) and we use national growth rates for country GDP volumes to extrapolate these base shares to all time periods. However, it will be seen that the resulting comparable country volumes over time and space differ considerably, depending upon which base year is chosen. This is rather inconvenient: studies of competitiveness of OECD countries and living standards convergence across countries will want to use country volume series that are not subject to violent revision. 32 31 In view of these differences in the three indexes of OECD GDP inflation, it may be preferable for the OECD to replace their Laspeyres type indexes of OECD household inflation by their Fisher counterparts. 32 McCarthy (2013; 484-486) explains in some detail why estimates of real GDP based on national growth information do not match up exactly with relative GDP estimates based on PPP benchmark information. The PPP information is generally not as accurate as national price index information due to the difficulty of matching representative products across countries. However, country methodology for constructing Our suggested solution to the problem of harmonizing national growth rates of GDP with the country shares of OECD aggregate real GDP rests on two principles. First, the resulting harmonized estimates of country volumes must be consistent with the real annual cross country volume shares s n t listed in Table 3 above. Second, OECD aggregate real GDP growth must be equal to the rates of aggregate growth generated by our recommended Fisher indexes Γ F t defined by (16).
Using these principles, the country GDP volumes are uniquely determined (up to a scalar units-of-measurement factor). To see this, first define the OECD volume index that chains the Γ Fin tables A3 and A4, we impose a normalization on the prices defined by (22) Table 6 measure the US dollar value of constant bundle of GDP that is (in theory) comparable across countries. The price levels in Table 6 are comparable across space and time, whereas the price levels p n t listed in Table A3 of the Appendix are only comparable across time for each country. From Table 6 , it can be seen that the countries with the lowest price levels (in US dollars) in 2012 are countries 13, 21, 25 and 32 (Hungary, Mexico, Poland and Turkey) with price levels in the 0.76 to 0.77 range. Countries with relatively high price levels in 2012 are countries 1 (Australia, p H1 2012 = 2.00), 4 (Canada, p H4 2012 = 1.62), 7 (Denmark, Table 5 is that they do not respect national growth rates of GDP by country; only the aggregate OECD growth rate is respected. In the following two sections, we will derive alternative country volume estimates that are comparable over time and space. These alternative estimates will respect country growth rates but they will not reproduce the real OECD country expenditure shares listed in Table 3 for all time periods. 
OECD Growth and Inflation Using Country Annual GDP Volume Growth Rates and Base Period Shares of OECD Real GDP
We generate comparable country GDP volume estimates for OECD countries covering the period 2000-2012 by using the real GDP country volume shares for 2000, the s n 2000 listed in Table 3 above, along with the national growth rates of country real GDP relative to 2000, the Q n t /Q n 2000 listed in Table A2 of the Appendix. This is a typical strategy in forming estimates of real GDP that rely on PPPs that are only produced infrequently. Our purpose in listing these estimates is to evaluate how different the resulting estimates are from our preferred harmonized volume estimates, q Hn t , listed in Table 5 above.
Define preliminary base period estimates of country GDP volumes for year t and country n, q Bn t , as follows: where v n t is the nominal value of GDP for country n in year t converted into US dollars at market exchange rates for that year. In order to make the volumes and prices defined by (23) and (24) comparable to the country prices and volumes expressed in US dollars that are listed tables 5 and 6 in the previous section, we impose a normalization on the prices defined by (24) that makes the price level for the US in 2000 equal to unity; i.e., we divide all prices defined by (24) by a constant that sets the resulting p B34 2000 equal to 1 and the volumes defined by (23) are all multiplied by this constant. The resulting normalized p Bn t are listed in Table 7 . The differences between the entries in tables 6 and 7 are very large. If we take each column in Table 6 , subtract the corresponding entries in the same column of Table 7 and then take the absolute value of the differences, we find that the average absolute difference grows from 0 in 2000 to 9.4 percentage points in 2012. 36 The maximum absolute difference grows from 0 in 2000 to 54.0 percentage points in 2012. These are massive differences in price levels, which translate into massive differences in GDP levels. This problem of the inconsistency with national growth rates is well known but most users of PPP adjusted country real volume estimates are not aware of how large these inconsistencies are.
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In the following section, we undertake a computation that is similar to the computations in the present section except that we use the real volume shares of 2012 as the benchmark shares instead of the shares of 2000.
OECD Growth and Inflation Using Country Annual GDP Volume Growth Rates and Current Period Shares of OECD Real GDP
We generate comparable country GDP volume estimates for OECD countries covering the period 2000-2012 by using the real GDP country volume shares for 2012, the s n 20012 listed in Table 3 above, along with the national growth rates of country real GDP relative to 2000, the Q n t /Q n 2000 listed in The above estimates are obviously based on the country shares of real OECD GDP that prevailed in 2012 (the s n 2012 ) and the levels of real GDP in year t relative to the corresponding country n level in 2012 (the Q n t /Q n 2012 ). The companion country US dollar price levels for country n and year t, p En t , are defined as follows: 36 The sequence of average absolute differences in percentage points over the 13 years is as follows: 0, 0.8, 1.6, 2.0, 2. 2, 3.8, 5.2, 6.4, 7.6, 6.8, 8.0, 9.3, 9.4 . The sequence of maximum absolute differences in percentage points over the 13 years is as follows: 0, 2.9, 5. 2, 6.0, 5.4, 14.0, 25.1, 28.2, 46.9, 24.8, 34.3, 48.5, 54.0. 37 See the Eurostat-OECD Manual on this point; Eurostat (2012; 18) . 38 See Chapter 18 in the World Bank (2013). The Penn World Tables use the extrapolation methodology described in this section and the previous section to construct estimates of comparable real GDP for periods subsequent to the last available ICP round and prior to the first available ICP round; see Summers and Heston (1991) and Feenstra, Inklaar and Timmer (2013) . (26) where v n t is the nominal value of GDP for country n in year t converted into US dollars at market exchange rates for that year. In order to make the volumes and prices defined by (25) and (26) comparable to the harmonized country prices and volumes expressed in US dollars that are listed tables 5 and 6 in section 3, we impose a normalization on the prices defined by (26) Table 8 .
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It can be seen that there are substantial differences between the price levels listed in Table 8 as compared to the price levels listed in Table 7 and the harmonized price levels listed in Table 6 . If we take each column in Table 6 , subtract the corresponding entries in the same column of Table 8 and then take the absolute value of the differences, we find that the average absolute difference for 2000 over the 34 countries is 6.0 percentage points, which increases to 7.9 percentage points for 2005 and then gradually decreases to 4.2 percentage points in 2012. Over all observations, the maximum absolute deviation is 35.6 percentage points. 40 Again these are large differences in price levels, which translate into large differences in GDP levels. For comparing real GDP levels across time and space, the results presented in this section indicate that the strategy of using national growth rates and a single cross country comparison of real GDP levels will not lead to stable comparisons. The harmonization strategy suggested in section 3 will lead to stable comparisons and if the accuracy of the annual sequence of PPPs is roughly constant, the resulting harmonized estimates seem to be preferable to the consistent national growth rate estimates that are based on a single cross country comparison. 39 As in the previous section, the q En t can be recovered as v n t /p En t . 40 The sequence of average absolute differences over the 34 countries in percentage points over the 13 years is as follows: 6.0, 6. 1, 6.2, 7.0, 7.8, 7.9, 6.2, 6.8, 5.9, 5.4, 5.1, 5.2, 4 .2. The sequence of maximum absolute differences in percentage points over the 13 years is as follows: 24.6, 25.9, 32.3, 35.6, 33.1, 27.1, 20.5, 22.0, 16.0, 24.7, 18.7, 12.6, 6.3 
OECD Growth and Inflation Using Adjusted Country Annual GDP Volume Growth Rates and OECD Shares of Real GDP for Two Benchmark Years
The OECD provides annual PPPs so that estimates of relative GDP volumes can be constructed for all member countries for each year. However, the World Bank's ICP PPPs are only available at infrequent intervals. 41 We now consider using the benchmark GDP shares for the years 2000 and 2012 along with information on national GDP growth rates in order to interpolate between the benchmark years. We propose an interpolation method that leads to country shares of real GDP that are exactly consistent with the shares s n 2000 for the year 2000 and the shares s n 2012 for the year 2012.
We begin by using the methodology of section 3 to construct country measures of real GDP that jump from the year 2000 to the year 2012. The long term growth factor for country n can be defined as Q n 2012 /Q n 2000 where Q n t is country n's GDP volume in year t. 42 We use these long term growth A symmetric average of the two indexes leads to the following Fisher type formula for OECD long term volume growth going from the year 2000 to the year 2012:
The long term indexes defined by (27)- (29) turn out to be 1.2207, 1.2209 and 1.2208 respectively, so that there is practically no difference in the three indexes for this data set. 43 We will use the Fisher measure as our preferred measure of OECD volume growth between 2000 and 2012. We use this measure in order to define country volumes for 2012. 41 The World Bank has produced benchmark PPPs for over 150 countries for 2005 and 2011. 42 These long term country growth factors are conveniently listed in the last column of Table A2 in the Appendix. 43 Note that (29) The volumes defined by (30) will be imposed as constraints on our interpolation scheme. Define the implied long term growth factor over the years 2000-2012 for country n, g n , that is implied by the estimates of country levels given by equations (30): (31) g n ≡ q In 2012 /q In 2000 ; n = 1,...,34.
These growth factors are not necessarily equal to the national growth factors G n that are implied by the national growth rates listed in Table A2 of the Appendix:
(32) G n ≡ Q n 2012 /Q n 2000 ; n = 1,...,34.
Thus for each country n, there is an "error" factor or discrepancy, E n ≡ g n /G n between the implied growth rates g n defined by (31) and the national growth rates between 2000 and 2012, G n defined by (32). We will distribute these errors in a proportional manner and use the resulting adjusted national growth rates to interpolate between the two benchmark observations. Thus define the country n proportional annualized discrepancy factor, α n , as follows:
The q In t for non-benchmark years t can now be defined as follows:
In order to make the volumes and prices defined by (34) and (35) comparable to the harmonized country prices and volumes expressed in US dollars that are listed tables 5 and 6 in section 3, we impose a normalization on the prices defined by (35) that makes the price level for the US in 2000 equal to unity; i.e., we divide all prices defined by (35) by a constant that sets the resulting p I34 2000 equal to 1 and the quantities or volumes defined by (34) are all multiplied by this constant. The resulting normalized p In t are listed in Table 9 . 46 Again, it can be seen that there are some substantial differences between the price levels listed in Table 9 as compared to the price levels listed in Table 6 but the discrepancies are much reduced as compared to the discrepancies when only one benchmark set of PPPs is used. The overall sample average absolute discrepancy is now only 1.9 percentage points. The average absolute difference for 2000 over the 34 countries is 0, which increases to 3.2 percentage points for 2005 and 2007 and then gradually decreases to 0.3 percentage points in 2012. Over all observations, the maximum absolute deviation is 12.5 percentage points.
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Some tentative conclusions can be drawn from the tables in this section and the previous sections. First, the interpolation method which is consistent with benchmark expenditure shares for two widely separated years seems to work quite well and if the benchmark PPPs are of equal quality, the interpolation method is much better than simply projecting the country shares from a single benchmark using national growth rates.
48
Second, if it is too expensive to prepare annual PPPs for a group of countries, then the interpolation method will probably generate comparable country real GDP volumes that are close to our preferred harmonized volumes described in section 3, provided that benchmark PPPs are calculated every three to five years.
The interpolation method that we described in this section is not the only possible method that could be used to calculate comparable real GDP series over time and space when benchmark PPPs are only available infrequently. In particular, econometricians may prefer to use an interpolation method that is based on the Kalman filter; see Doran (2010) (2011) for the description of such a method. 49 However, statistical agencies are generally reluctant to adopt methods that rely heavily on econometrics so the simple method of interpolation described here is proposed as an attractive alternative. Feenstra, Inklaar and Timmer (2013; 17-19) use a simple interpolation method to harmonize their new Penn World Table estimates of real GDP growth (in comparable units of measurement) using both ICP information between two benchmarks and national information on GDP growth. Their interpolation method is similar to our suggested method, in that their interpolated estimates are consistent with the relative GDP levels for the PPP benchmark years. The key to their interpolation method is the construction of interpolated PPPs between ICP benchmarks. We explain their method using our notation and adapting their analysis to the problem of constructing PPPs for the years 2001-2011, given that we have PPPs for the benchmark years 2000 and 2012. Recall that the domestic price level for country n in year t was defined as P n t ≡ V n t /Q n t for n = 1,...,34 and the PPPs for 2012, PPP nWhy do the above variants of the interpolation method suggested by Feenstra, Timmer and Inklaar generate US dollar price levels (and the corresponding country real GDP levels) that are so different from the Harmonized country US dollar price levels that are listed in Table 6 ? The reason is that the interpolated PPPs defined by (36) (and their geometric counterparts) depend on country inflation rates, which are quite variable. 53 In order to eliminate the effects of country inflation rates, we tried the following variant of the FTI interpolation method: instead of using equations (36) ,34; t = 2000, 2001, ...,2012 where the weight w t is still defined by (37). Now return to our description for the construction of the harmonized country estimates for GDP and US dollar price levels that is in section 3 but replace PPP n t in equations (12) 54 The maximum absolute difference is 20.6 percentage points in 2003. The performance of this interpolation method is much better than the previous interpolation method but still not quite as good as our suggested interpolation method that was described at the beginning of this section (which generated an average absolute difference of only 1.92 percentage points). The above numerical experiments with interpolation methods that are similar in spirit to the method used by Feenstra, Timmer and Inklaar are not conclusive since it assumes that the "truth" is best defined by the harmonized parities p Hn t defined earlier in section 3.
However, at a minimum, the numerical experiments do show that the method of 53 More precisely, the FTI method interacts country inflation rates with the linear in time weights in equations (36) and these weights are independent of the magnitude of economic price and quantity data that pertain to the countries whereas our interpolation method depends only on country volume indexes over the sample period and the relative volumes generated by the PPPs at the beginning and end of the sample period. If the α n defined by (33) were all equal to unity, then the matrix of country real volumes generated by extrapolating the base period relative GDP volumes forward by national growth rates would be equal to the matrix of country real volumes generated by extrapolating the final period relative GDP volumes backwards (after normalization to a common base) and our interpolation method would generate this common matrix of comparable over time and space real GDP volumes. Under the same conditions, the FTI method would not generate the same matrix (except by chance). 54 The sequence of within year average absolute differences in percentage points over the 13 years is as follows: 0, 1.1, 1.9, 2.9, 4.0, 4.3, 3.7, 3.7, 3.6 2.3, 2.4, 1.9, 0.3 . The sequence of within year maximum absolute differences in percentage points over the 13 years is as follows: 0, 6.7, 13.8, 20.6, 20.3, 18.6, 15.0, 13.3, 15.8, 8.2, 6.8, 5.8, 0.5. interpolation between benchmark Purchasing Power Parity rounds does matter. Additional research into alternative methods of interpolation is required.
Conclusion
A number of interesting points emerged from our investigations. If our focus is on measuring overall OECD GDP growth and PPP information is unavailable, then the method that is explained in section 2 may be used. The overall OECD growth measures, γ t , do not depend on PPPs or the choice of the numeraire currency but exchange rate fluctuations can cause perhaps unwarranted fluctuations. We computed γ t using the US and then Germany as the numeraire country and found that while the Fisher index of OECD real GDP growth remained invariant, the accompanying Fisher price indexes, P t and P EU t , exhibited wildly different rates of growth. Thus these price indexes are useless as indicators of OECD inflation. Three alternative measures of overall OECD GDP growth were defined in section 3: the Laspeyres, Paasche and Fisher measures, γ Lexchange rate converted US dollar nominal value of GDP for country n in year t. These country price levels are useful (but imperfect) indicators of a country's competitiveness in year t.
In sections 4 and 5, alternative measures of comparable levels of real GDP and the accompanying US dollar price levels were constructed. The measures constructed in section 4 used the PPP information for 2000 and national growth rates for real GDP by country whereas the estimates constructed in section 5 substituted the PPP information for 2012. We found tremendous discrepancies in these estimates as compared to the harmonized estimates constructed in section 3.
The results listed in sections 3 to 5 show that it is very hazardous for analysts interested in comparative levels of GDP across countries to use national growth rates and a single cross country comparison of real GDP levels. Eventually, the single cross country comparison is replaced by another single cross country comparison but the new set of comparable GDP levels across time and space can be vastly different from the earlier set of GDP levels, particularly for small countries. These results reinforce the case for using the harmonized series that were defined in section 3. Using the section 3 methodology, the previously constructed harmonized estimates of relative GDP levels remain unchanged as another year of data is added.
If PPP computations for a group of countries are only done on an infrequent basis (rather than on an annual basis as is the case for the OECD), then the interpolation method explained in section 6 may prove to be a useful method for obtaining comparable GDP levels that are consistent with the GDP relative levels for the two benchmark years. The results in section 6 also indicate that different interpolation methods can generate very different results. In particular, the present interpolation method used in the Penn World Tables did not work well with our OECD data base.
Of course, the harmonization methods that have been suggested in this paper can be applied to any other value aggregate, such as consumption, investment or domestic absorption. The results in this paper show that if countries want to compare the size of their economies or measure expenditure growth or price inflation for a group of countries, it is absolutely essential that those countries undertake regular cross country comparisons of prices.
seen that exchange rate fluctuations affect not only the domestic share weights in the above expressions but they also interact directly with the country inflation rates, P n t /P n t−1 .
Thus intertemporal exchange rate variation "noise" will tend to drown out the country inflation trends. Define the exchange rate based Laspeyres, Paasche and Fisher chain link volume indexes as Q L,link t ≡ ∑ n=1 N S n t−1 (q n t /q n t−1 ) = ∑ n=1 N S n t−1 (q n t /q n t−1 ), Q P,link t ≡ [∑ n=1 N S n t (q n t /q n t−1 ) 
